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Percentage composition by species is an :iJDportant measurement 
used in range ecology. It can be based on either basal cover or 
forage production. Most range managers are interested in composition 
based on production although composition by basal cover is easier and 
quicker to determine. Therefore, ii' the relationships between these 
two measurements were known, it would be possible to obtain date 
rapidly on basal cover and convert them to data representing production. 
The purpose of this project was to study the relationship between 
these two measurements. However, it mu.st be considered preliminary 
as many years' data will be necessary to establish an accurate 
correlation. 
This eJi:periment was conducted on an u.ngrazed area of the mixed 
prairie situated near the Cedar Bluff r eservoir in Trego County, 
Kansas. Data were gathered from two range sites, the upland and the 
break site. The upland soil was a deep, heavy, silty clay loam and 
supported a typical short grass vegetation dominated by blue grama 
(Bouteloua gracilis) and buffalo grass (Buchloe dactyloides). The 
break site was located on a gradual west-fac:ing slope near the upland 
site. The calcareous soil was relatively shallow and supported 
pri.Ir.arily mid-grass vegetation dom:illa.ted by blue grama, side-oats 
grama (Bouteloua curtipendula), little bluestem (Andropogon scoparius) 
and big bluestem (Andropogon gerardi) • 
Square-foot quadrats, randomly located, were used to sample the 
vegetati0m. One hundred sampling units from the upland and 300 from 
the break site were taken. Data gathered included actual basal cover 
of all species, percentage composition based on basaJ. cover by each 
B 
species, and height of each species. The grasses were then clipped 
by species and bagged separately. When air dried, they were weighed 
to the nearest one-tenth of a gram. Composition by forage production 
was then calculated and available for comparison. 
Calculations were made of the mean, standard deviation, and 
standard error. Correlation coefficients were used to compare the 
relationship of basal cover, forage production and height of the 
dominant grasses. 
The upland site had a basal cover of 56.0 per cent. Percentage 
composition by basal cover was 66.1 per cent buffalo grass, 33.3 blue 
grama, and o.6 per cent sand dropseed (Sporobolus cryptandru.s). Per-
centage composition calculated from forage production was 53.4 per 
cent ·buffalo, 44.8 per cent blue grama and 1.8 per cent sand dropseed. 
The IID.ll.tiple correlation coefficients among basal area, height and 
yield for blue grama were o.89 and f or buffalo , grass 0.93. Total 
basal cover on the break site was 16.1 per cent. Of this, blue 
grama made up 21.5 per cent, side-oats grarua 40.8, big bluestem 
17.7, and little bluestem 11 .7 per cent. Eight minor grasses 
accounted for the remaining 8.7 per cent. When per centage composition 
was based on forage production, blue grama ma.de up 14.9 per cent, 
big bluestem 21.1, little bluestem 20.3, and side-oats grama 35.2 
per cent. The nrultiple correlation coefficients among basal area, 
height and yield on this break site were 0.91 for big bluestem, 
0.89 for little bluestem, 0.93 for blue grruna, and 0.85 for side-
oats grama. 
Al though no definite conclusions could be reached from one 
year's data, tentative multiple regression equations were derived 
C 
for each o! the major species. If tb~ir validity could be established, 
they could permit estimation of yield from date about basal area and 





DESCRIPTION OF STUDY AREA. 





SU:r-fi\1ARY AND CONCLUSION • 
LITERATURE CITED. 
TABLE OF 00 NTENTS 













LIST OF TABLES 
TABLE 
I. Upland data showing percentage comp0sition by 
species based upon basal cover and forage 
production, and a comparison of these measure-
Page 
ments. Also data showing mean height. • • • • 13 
II. Correlation coefficients on upland site, showing 
correlations among basal cover, height, and 
forage production •••• 
III. Break area data showing percentage composition 
by species based upon basal cover and forage 
production, and a comparison of these measure-
14 
ments. Also data showing mean height. • • • • 15 
IV. Correlation coefficients on break site, showing 
correlations among basal cover, height, and 
forage production •••••••••••••• 
V. Tentative equations for calculating forage 
production from data on basaJ.. cover and 
18 
height • . • . . . • . • • . . • • • • • • • . . • 19 
iii 
LIST OF FIGURES 
FIGURE 
1. Upland site in mixed prairie showing dominant short 
grass vegetation ••••• 
2. Break area of mixed prairie showing typical mixed 
grass vegetation ••••• 
3. Square foot quadrat utilized in this study to 







Basal cover and forage production are two important measurements 
for use in the ecological analysis of the prairie. In range condition 
classification, the percentage composition of the species of prairie 
grasses is estimated in tenns of forage production. Estimation of 
7 percentage composition based upon basal area has been used most 
frequently in other studies and is easier to estimate accurately . 
If the relation between the percentage conu:>osition by basal area and 
by forage production was known, it would be possible to convert the 
more easily attained "percentage conu:>osition by basal cover" to 
percentage composition based on production. 
The purpose of this research project was to study the relation-
ship between the percentage composition by basal area and the 
percentage conu:>osition by weight of the important native grasses 
which were present on the upland and break sites of a typical range 
area in the mixed prairie. An attenu:>t was made to deternrlne whether 
there was a positive correlation between these factors. This 
investigation should be considered a preliminary study since it is 
probabl~ that data will have to be collected for many years to 
establish this relationship. 
RELATED STUDIES 
Riegel (1947) ma.de a coiliparative study of the yields and basal 
cover of eight different species of native pasture grasses. He 
concluded that the amount of forage produced for one per cent of 
basal cover was much less in the short grasses than in the tall 
grasses. However, one of the important factors of production, 
heig~t-i:of grass, was not considered. 
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Tomanek (1948) presented information which showed a general 
correlation between yield and basal cover. No separation of the 
species was made, however, since the distincti on was to show the 
production of different pasture types with regard to prior utilization. 
_ Tomanek aclmowledged the fact that 11 ••• the growth of grass in height 
must be considered as a factor in the production of forage," and 
stated that since there was a greater production of forage in re-
lation to the percentage of basal area in an area of undergrazing, 
factors other than height and basal cover possibly have a role in 
the production of forage. 
Dietz (1953), studying on the Cedar Bluff area, determined the 
pounds produced per one per cent of basal. cover for all important 
short grass species and for the principal. mid grass;,.speeies. He 
found that where the basal cover was less, t he pounds per one per 
cent of basal area would be greater, although he did not give any 
reasons. 
Franks (1954) determined the average monthly and seasonal yield 
of seven native grasses on the upland and hil.lside at the Cedar Bluff 
research area. He presented the seasonal growth of grasses in inches 
and the pounds production for one per cent basal. area of these same 
grasses, but made no attempt to correlate these two factors. 
Tomanek and Albertson (1957) found that on a non-grazed upland 
pasture near Ashland, Kansas, in 1952, short grasses made up 36 per 
cent of the basal cover but produced only 29 per cent of the forage 
yield. In this study the short grasses on the upland produced only 
200 pounds per acre while the mid grasses produced nearly 800 pounds 
of forage. 
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Hopkins (1951), working in the loessiaJ.. hills of Nebraska, found 
that in mixed grass comnru.nities, short grasses made up well over half 
of the percentage composition by basal cover while producing only 
29 per cent of the forage yield. Hopkins (1956) determined in 1951 
that short grass upland vegetation with 86.7 per cent basal cover 
yielded 2,038 pounds of forage per acre, 'While lowland tall grass 
vegetation with basal area of only 7.9 per cent yielded 3,426 pounds 
per acre. 
Albertson (1943) found that in 1941 short grass vegetation with 
a basal cover of 20 per cent yielded slight ly over 500 pounds per 
acre while mid grass comrmmities with basal cover of 9.5 per cent 
yielded approx:unately 900 pounds per acre. In 1940, Albertson and 
Weaver (1944) studied moderately grazed short grass upland at Hays, 
Kansas. It had a basal cover of 37.1 per cent and produced a total 
yield of 1,378 pounds per acre or an average of 37.1 pounds per one 
per cent cover. However the same areas, in 1951, had a basal cover 
of 95.6 per cent and produced 1,524 pounds per acre or only 15.9 
pounds per one per cent cover. 
Lacey (1942), studying at Phillipsburg, Kansas, in 1939, found 
that non-grazed blue grama (Bouteloua gracilis) with a basal cover 
of 57.6 per cent produced 608 pounds of forage per acre while non-
grazed side-oats grama with a basal cover of 28.9 per cent produced 
832 pounds. 
Albertson et al. (1958) presented data in which the yield in 
pounds per acre per one per cent basal area of blue gra.ma ranged 
from seven to 26 pounds with an average of 18 pounds over a period 
of five years. During the same five-year period buffalo grass 
ranged from nine to 41 pounds per acre with an average of 22 pounds 
per acre for each one per cent of basal. cover. 
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Heady (1950) collected basic information regard:ing production 
per inch in height of range grasses. Also, he attempted to ascertain 
·- the extent to which this relationship was affected by variations in 
utilization, season, habitat, and species. This concept of plant 
material weight in relation to one-inch height interval.a was e:xpressed 
as nheight-weight" relationship or "growth-form. 11 Although particular 
-
emphasis was given to bluebunch wheatgrass (Agropyron spicatum), he 
al.so studied Idaho fescue (Festuca idahoensis), needle-and-thread 
grass and green needle grass (Stipa viridula). 
Heady showed that the height of plants and number of seed stalks 
could be correlated with changes in precipitation and temperatures. 
However, increases in height and number of seed stal.ks were associated 
with decreases in weight per plant in some instances, and increases of 
weight in others. 
Lormnasson and Jensen (1943) studied the relationship between 
the height and weight of several species of grass plants. They 
grouped individual. plants into height classes of two-inch intervals 
and prepared height-weight relationships. They concluded that the 
11form-factor 11 principle (height-weight relationship ) upon which their 
method was developed was fundamentally sound. 
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Clark et al. (1943) undertook an intensive study to determine 
the relationship between the basal cover and the yielding ability of 
principal native forage species of southern Canada during the seven-
year period from 1932-1939. Basal area estimates and forage production 
data were used to develop forage yield factors. The productiveness 
of needle-and-thread grass (Stipa coma.ta) was used as a standard for 
comparing the average yields of other important species. "When the 
forage yield factor of Stipa was considered to be one, blue grama 
._ was found to have a forage yield .factor of 0.33 while western wheat-
grass (Agropyron smithii) had 1.28. To determine forage production 
of an area when basal cover by species only was known, these forage 
yield factors were nmltiplied by the actual basal cover of each 
species present to obtain a yield index. The total of these yield 
indexes represented the density of all species in terms of Stipa 
cover. The average yield of Stipa from an equal area is then com-
parable to the production of an area composed of many species. 
DESCRIPTION OF STUDY AREA 
This experiment was conducted on the Cedar Bluff research area, 
which is under the supervision of Fort Hays Kansas State College. 
It is located near the northeastern boundaries of the Cedar Bluff 
reservoir in Trego County, approximately 40 miles southwest of Hays, 
Kansas, and is part of the land area which was acquired by the 
federal government in 1950 for the construction of the reservoir. 
Since this purchase, the area has not been grazed. 
The upland site studied was in the northeast corner of the 
research area. The soil was a deep, heayy, silty clay loam, nearly 
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level except for smaJ.l depressions which occurred irregularly through-
out the area. The vegetation was dominated by blue grama and buffalo 
grass (Buchloe dactyloides), with scattered individuals of sand drop-
seed (Sporobolus cryptandrus), squirreltail (Sitanion hystrix), three-
awn (Aristida spp.), big bluestem (Andropogon gerardi), and side-oats 
grama (Bouteloua curtipendula) (Figure 1). Scattered societies of 
forbs such as western ragweed (Ambrosia psilostachya), and Kansas 
sage (Artemisia kansana) were also present. The s:maJ.l depressions 
which have been mentioned usually supported a sparse stand of the 
taller grasses and forbs. 
The break site was the only other plant community used in this 
study (Figure 2). It was located on a gradual west-facing slope 
which was separated from the upland area by a narrow ecotone. This 
gentle slope had a relatively shallow calcareous soil ranging from 
a depth nearly as great as the upland to areas where the parent 
material and bedrock outcropped. 
Vegetati0n on this area was highly heterogeneous although it 
was generally arranged in al ternes. Blue grama and side-oats grama 
were usually more prominent near the summit of the area. Little 
bluestem (Andropogon scoparius) and side-oats grama became the most 
prominent species on the lower portions of the area. Grass species 
which occurred in less abundance in the higher areas were three-awn, 
hairy grama (Bouteloua hirsuta) and hairy dropseed (Sporobolus asper 
hirsuta). These were gradually replaced in the lower elevations by 
scattered plants of big bluestem and switch grass (Panicrn virgatum). 
The forbs which occurred were usually intermixed with the grass 
species, only rarely forming dense societies. Of the many species of 
Figure l. Upland site in mixed prairie showing dominant 
short grass vegetation. 
7 
Figure 2. Break area of .mixed prairie showing typical 
mixed grass vegetation. 
8 
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forbs which were present the most abundant were narrow-leaved 
houstonia (Houstonia angustifolia), western ragweed, James's 
Whitlowort (Paronychia jamesii) and Kansas sage. In the lower areas, 
leadplant (Amorpha canescens) occurred frequently. Because of an 
abundance of moisture in the 1957 growing season, which came after 
many years of drouth, invasions by annual sunflowers (Helianthus 
annuus) were quite prominent in both areas. 
METHODS OF STUDY 
The square foot method deseribed by Voigt and Weaver (1951), 
with some modifications, was utilized for this study. The measuring 
device consisted of a square frame constructed from flat strap iron, 
which enclosed one square foot (Figure 3). Marks were cut into each 
side to divide the square into quarters, which facilitated the esti-
mation of basal cover. 
Samples were taken at random along several straight lines 
running parallel to the length of the area. After placing the square, 
a visual estimate of the basal. cover of all vegetation was made. 
This figure was considered as 100 per cent of the vegetation, from 
which the percentage composition of each grass species was estimated. 
The figures for all species which accounted for more than five per 
cent of the cover were recorded. Also, the average height of each 
species was measured. 
All grasses within the quad.rat were then clipped and each 
species was bagged separately. No attempt was made to collect any 
of the invading sunflowers, although aJ.l other forbs were clipped and 
collected into one group for each site. 
Figure 3. Square foot quadrat utilized in thi s study to 
visually estimate basal cover. 
10 
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Approximately 100 sampling units on the upland and JOO units on 
the break area were used. A greater number of samples was necessary 
from the break area because there were many more species present on 
this habitat. However these sampling intensities had been determined 
to be sufficient for these sites in several. prior studies in this 
_area. (Martin and Tomanek, 1958). 
After being air dried, each of the bagged samples was weighed 
separately to the nearest tenth of a gram. These weights were totaled 
for each species and with these totals, the percentage composition 
by wei ght of each of these species was calculated. 
The actual. basal. area occupied by each species was determined 
from the field data. Information then available for comparison 
included: total. basal. cover by aJ.l vegetation, actual. basal cover 
of each species, actual. forage production by species, percentage 
composition by basal cover, percentage composition by forage production, 
and average height of each species. 
Using statistical. methods as outlined by Snedecor (1956) , 
calculations were made of the standard deviation, standard error, 
and the accuracy of the sample at the 95 per cent confidence l evel 
for each factor. The relationships were calculated between the 
actual. basal. cover, forage production, and height of each species 
for buffalo grass and blue grama. on the upland and for blue grama, 
side-oats grama, little bluestem, and big bluestem on the break 
areas. Correlation coefficients, multiple correlation coefficients, 
and regression equations were calculated. 
Scientific names used for grasses in this study follow those of 




Upland site. The upland site was dominated by two short grasses, 
buffalo grass and blue gra.ma. Only one other grass, sand dropseed, 
comprised over five per cent of the basal area in any of the samples 
(Table I). However, quite frequently scattered plants of squirrel-
tail would appear, but never in sufficient amounts to be estimated 
as five per eent or more of the basal cover. Scattered plants of 
three-awn also appeared but less frequently than those of squirreltail. 
The basal cover for all grasses in all plots averaged 56 per 
cent. Of this total basal area, buffalo grass accounted for 66.1 per 
cent of the vegetation and had a mean height of 2.0 inches. Blue 
grama made up 33.3 per cent by basal cover and had a mean height of 
1.5 inches. Sand dropseed comprised a meager o.6 per cent (Table I). 
However, buffalo grass made up only 53 .4 per cent of the composition 
by weight, while blue grama comprised 44.8 and sand dropseed increased 
to 1.8 per cent. 
If the percentage composition by basal cover for buffalo grass 
were to be considered unity (1), its relationship to the percentage 
composition by forage production in this case would be 1/0.80. I n 
other words, it furnished only 80 per cent as much of the total 
composition by weight as it did by basal cover. When this same 
method was applied to blue grama, the ration was 1/1.34, which would 
mean that blue grama accounted for approximately 1/3 more of the 
percentage composition by forage production than it did of the 
percentage composition by basal cover. Because sand dropseed was 
not present frequently, no comparison in this manner was attempted, 
as the results would undoubtedly be inaccurate. 
Table I. Upland data showing percentage composition by species 
based upon basal cover and forage production· a ratio 
h 
. , 
sow.mg the comparison between these two types of 
measurements; and data listing mean height. 
Percentage COI1ilOSition Ratio Mean 
Species by Basal Forage Height 
Cover Production of Species 
Buffalo grass 66.1 53.4 1/0.80 2.0 
Blue grama 33.3 44.8 1/1.34 1.5 
Sand dropseed o.6 1.8 * * 
* Frequency of sand dropseed was not great enough to make a 
comparison valid. 
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The correlatioa coefficient was determined between the actual 
basal cover and forage production, the aetual basal cover and height, 
and the forage production and height. This relationship would be 
considered a perfect positive correlation if the result was 1.0 . 
Consequently, any correlation coeeficient which approaches 1.0 would 
be considered an indication of a close positive correlation. For 
buffalo grass the correlation coefficient between actual basal cover 
and weight was o.87, between forage production and height was 0 .77 
and actual basal cover and height was 0.76. Multiple correlation 
coefficient of these three factors was 0.89. (Table II). 
Correlation coefficients obtained from the data on blue grama 
were 0.75 for actual basal cover and forage production, 0.89 for 
forage production and height, and 0.58 for actual basal cover and 
height. The multiple correlation coefficient was 0.93. 
The multiple correlation coefficient for both of these species 
was near enough to 1.0 to suggest that there was a definite relationship 
14 
between the height, basal cover, and forage production. However, it 
has been stated before, and :nn1st be emphasized again, that one year's 
data cannot establish the exact relationship. 
Table II. Correlation coefficients on upland site between actual 
basal cover and forage production; height and forage 
production; actual basal cover and height and the 
multiple correlation coefficient of all factors combined • 
Basal Cover Height and 
Species and Forage Forage 
Production Production 
Blue grama .87 .77 











Break sites. Eleven different species were recorded for the 
break area. Average basal cover from all quadrats amounted to 16.1 
per cent. Side oats grarria ranked first by both types of percentage 
composition measurements. It accounted for 40.8 per cent of the 
vegetation by basal area ( Table III), al though it mad.e up only 35. 2 
per cent of the composition based on weight, or roughly 7/8 as much 
percentage composition by weight as by basal area. Again considering 
the percentage composition by basal cover as unity (1), the ratio 
would be l/0.86. 
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Table III. Break area data showing percentage composition by species 
based upon basal cover and forage production· a ratio 
h 
. , 
sowing the comparison between these two types of measure-
ments; and data listing mean height. 
Percentage Composition by: Mean 
Species Basal Cover Forage Ratio Height 
Production of Species 
Side-oats grama 40.8 35.2 1/0.86 1.9 
Big bluestem 17.7 21.1 1/1.19 1.6 
Blue gra.rna 21.5 J.4.9 1/0.70 0.7 
Little bluestem 11.7 20.3 1/1. 74 1., 
Three-awn 1.8 0.1 * * Hairy grama 1.8 o. 7 - -~ ·}} 
Sand dropseed 0.1 0.7 -~ * Hairy dropseed 2.4 1.5 * * Squirreltail 0.2 0.1 * * Switchgrass l.l~ 2.9 * * Buff alo grass 0.2 0.3 * * 
* Frequency of these species were not great enough to make a 
comparison valid. 
Blue grama accounted for 21.5 per cent of the composition by 
basal area, 'While the percentage composition by weight amounted to 
14.9 per cent. The ratio of this comparison would be 1/0. 70. Blue 
grama ranked second when compared with other grasses on basal area 
composition, but fell to fourth place when compared with these same 
species on percentage composition by weight. 
Big bluestem made up 17.7 per cent of the vegetation by basal 
area and 21.1 per cent by weight. The percentage composition ratio 
was 1/1.19 or about 20 per cent more by weight than by basal cover. 
Little bluestem made up only 11.7 per cent by basal area, yet it 
comprised 20.3 per cent of the composition by weight. In other words 
its percentage composition by weight was approximately 75 per cent more 
than its percentage composition by basal cover, or a ratio of 1/1.74. 
FORSYTH LIBRARY 
FORT HAYS KANSAS STATE COLLEGE 
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While big bluestem made up six per cent more of the basal area 
than did little bluestem, the fonner accounted for only o.8 per cent 
more of the percentage composition by weight. This possibly can be 
explained by the fact that most of the big bluestem was short and had 
not developed seed stalks, while most of the little bluestem had 
tall seed heads. This would be expected as little bluestem is more 
adapted to this type of site. Big bluestem is a loose, sod-fornrlng 
grass while little bluestem is a densely tufted bunch grass and there 
could be a slight tendency to over estimate the basal cover of big 
bluestem. 
These four species of grasses which have been discussed, 
coJli)rised 91.4 per cent of the composition by basal area, and 91.5 
per cent of the composition based on weight. The mean height (total 
height divided by nwnber of quadrats) was 1.6 inch for big bluestem, 
1.5 inch for little bluestem, 0.7 · h for blue grama and 1.9 inches 
for side-oats grama. 
The seven other grass species which were present composed only 
about 8.5 per cent of the vegetation by either measurement. Of these, 
the grasses which made up more than one per cent of the basal area 
were three-awns, hairy grama, hairy dropseed, and switch grass. The 
frequency of these species was not great enough for any comparisons 
to be considered entirely accurate although the results will be 
presented. Three-awn furnished 1.8 per cent of the composition by 
basal area and 2.5 per cent of the composition by weight, or nearly 
a ratio of 3/4. Hairy grama accounted for 1.8 per cent of the basal 
area but only 0.7 per cent of the composition by weight, or roughly a 
ratio of 3. Hairy dropseed had 2.4 per cent of the composition by 
17 
area and 1.5 per cent of the composition by weight or an approximate 
ratio of 5/3. Switchgrass made up 1.4 per cent of th.e composition 
by basal. area and increased to 2.9 percentage composition by weight. 
Although it is probable that these figures f ?r switchgrass are 
insignificant, this is the only species which more than doubled its 
composition by weight in relation to its composition by basal area. 
There were only three grasses which furnished less than one per cent 
of either basal. cover or weight. These were buffalo grass, with 0.2 
-- per cent by area and 0.3 percentage composition by weight; sand drop-
seed, with 0.7 percentage composition by area and 0.7 per cent by 
weight; and squirreltail, with 0.2 per cent by area and only 0.1 per 
cent by weight. 
The coITelation coefficient between basal area, height and yield 
was determined for side-oats gram.a, blue gram.a, little bluestem and 
big bluestem (Table IV). The result s for big bluestem were 0.83 
between actual basal cover and forage production; 0.86 between height 
and forage production, and 0.74 between actual. basal cover and height . 
The nru.ltiple correlation coefficient of the three combined factors 
for big bluestem was 0.91. The correlation coefficient for little 
bluestem between actual basal cover and forage production was 0.77; 
o.84 between height and forage production; o.66 between actual basal 
cover and height and a multiple correlation coefficient of 0.89. 
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Table IV. Correlation coefficients on break site between actual 
basal. cover and forage production; height and forage 
production; actual basal cover and height and the 































Blue grama had a correlation coefficient of 0.77 between actual 
basal. cover and forage production; 0.88 between forage production and 
height; 0.60 between actual cover and height; and a multiple cor-
relation coefficient of 0.93. The correlation coefficient for side-
oats grama was determ:ined to be 0.7 between actual basal cover and 
weight; 0.15 for forage production and height; o.65 between actual 
basal cover and height; and a multiple correlation coefficient of 
o.85. 
PRACTICAL APPLICATI ON 
Although no definite conclusions can be reached from one year's 
data, the general method of application t o field problems should be 
emphasized. To estimate forage production from basal area and height, 
the fornru.J.a of multiple regression was employed. Correlation coeffi-
cients which have been previously determined were utilized to determine 
constants or "indexes" which can later be applied to .field data. The 
data .for blue gra:ma on the upland will be used to demonstrate the 
application of this formula (Table V). The multiple regression 
equation derived for blue grama. is: 
y = forage production 
x1 = actual basal. cover 
X2 = mean height of species 
After the known values for Xi and x2 have been substituted, 
19 
the solution of the equation represents the estimated forage production 
of the species. For example, let us assume the percentage composition 
by forage production is to be determined for a site where the actual 
basal cover of blue grama. is 20 per cent and the average height two 
inches. By replacing x1 with 20 per cent and X2 with two inches we 
have y = (0.19) (20) + (1.09) (2) - 0.77. Upon solving this we find 
that y = ,5.21 which is the number of grams per square f0ot that blue 
grama would produce when present in these quantities. The usual. 
method can be applied to calculate the percentage composition by forage 
production, after the production of each species on the site have been 
determined. 
Table V. Tentative equations for calculating forage production (y) 









y = o.o5x1 + 3.4ox2 - 3.54 
y = 0.19X1 + l.09X2 - 0.77 
y = 0.65X1 + l.lOX2 + 0.00 
y = 0.60X1 + l.l6X2 + 0.09 
y = 0.19X1 + 2.40X2 + O.JO 
y = o.sox1 + 1.2,x2 + 0.30 
Each of the four species of the break area and both species of 
the upland were treated in the same manner to derive the equation 
by which forage production could be determined from actual basal 
cover and mean height. 
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The equations derived in this study are not yet reliable. Yearly 
fluctuations in climate and rainfall may need to be used in the 
regression equations. However, it would seem that the basic principle 
is sound, and with several years' data, the reliability of the 
equations could be established. 
If this method could be developed, it would be a great help 
to those in range conservation, ecological research, and others 
working with grassland management. This method would greatly 
expedite range research because methods which can determine basal 
cover are I1JUch more rapid than those which are now used to determine 
forage production. Any type of research method which determined 
basal cover could be used to determine forage production. For 
example, the point quadrat system 'When used by experienced personnel 
could cover about 1,000 settings per hour and could sample an area 
with about the same degree of accuracy as 100 settings of the square 
foot quadrat. However, the use of a square foot quadrat and clipping 
method such as used for this study ca..~ cover only about 10 to 15 
squares per hour. Thus the advantages and efficiencies which could 
be realized with this method can be readily demonstrated. 
SUMMARY AND CONCLUSION 
There are two principal methods of determining range composition 
by species. These are percentage composition based on forage 
/ 
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production and percentage composition based on basal cover. Percentage 
composition by basal cover is much more rapid and easier to determine, 
while the forage production is considered more important by many 
range conservationists. Thus, if the relationship between the two 
measurements were known, greater efficiencies in range surveying 
could be realized. 
The purpose of this research project has been to gather data 
on the 1957 season from typical range sites in the mixed prairie 
and raa.ke preliminary comparisons of the important forage species. 
Upland and hillside areas in an ungrazed area near Cedar Bluff 
reservoir in Trego County Kansas were utilized for this study. 
Square-foot quadrats were used to estimate the basal cover of all 
grass species. All grass was then clipped by species and bagged 
separately. After being air dried, these were weighed to the nearest 
one-tenth of a gram and the forage production was determined. In-
formation was then available concerning actual basal cover of each 
species, forage production of each ~ecies, percentage composition 
based on basal cover, percentage composition based on forage 
production and the average height of each species. 
Statistical methods were used to determine the mean., standard 
deviation., standard error, and the accuracy of the samples at the 
95 per cent confidence level for the above factors. It was determined 
that there were sufficient data to compare the relationships between 
basal cover, forage production, and height of blue grama and buffalo 
grass on the upland and for side-oats grama., blue gra.ma., big bluestem 
and little bluestem on the break areas. 
Basal cover of all grasses was 56.o per cent on the upland. 
Percentage composition by basaJ. cover on the upland was 66.3 per 
cent buffalo grass, 33.3 per cent blue grama, and o.6 per cent sand 
dropseed. Percentage composition by forage production on the same 
area was 53.4 per cent buffalo grass, 49.8 blue grama and 1.8 per 
cent sand dropseed. 
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The multiple correlation coefficients among basal cover, forage 
production and height on the upland were determined to be 0.89 for 
blue grama and 0.93 for buffalo grass. Coefficients this close to 
1.0 suggested a relationship between these factors. 
Actual basal cover of all grass species on the break area was 
16.1 per cent. When percentage composition was measured by basal 
cover, side-oats grama. made up 40.8 per cent, blue grama. 21.5 per 
cent, big bluestem 17.7 per cent, and litt le bluestem ll.7 per 
cent of the vegetation while eight minor grasses accounted for the 
remaining 8.7 per cent. The multiple correlation coefficients were 
determined to be 0.91 for big bluestem, 0.89 for little bluestem, 
0.93 for blue grama and 0.85 for side-oats grama. These results 
again seem to suggest a relationship between the factors of basal 
cover, forage production, and height. 
Tentative equations of multiple regression were derived for each 
of the major species although their reliability has not yet been 
established. If it can be established, the regression equations would 
provide the missing link in the relationship between percentage 
composition by basal cover and percentage co:mposi·tion by forage 
production. Many years' data will be needed to determine the value 
of this method. 
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